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INTRODUCTION
The variants of testicular artery (TA) regarding its number, origin and course are detected less frequently than the variations of the testicular veins (TV) [5] . These TA's variations have been estimated in an incidence of 4.7-20% [5, 22, 24, 40] . These aberrancies display significance from a clinical viewpoint since the TA's blood flow was found to be significantly decreased in men with varicocele [46] . Although many cases of double TAs have been documented in the literature [7, 11, 32, 47] , the bilateral presence of double TAs is more rarely detected [22, 37] . In our study, we report on a very rare complex of TAs variants, such as bilateral double TAs with co-existence of TA's high origin from the aorta on the left side and TA's aberrant origin from the renal artery on the right side. We discuss its likely embryological development, its surgical significance and the relative literature as well.
CASE REPORT
During the routine dissection of the abdominal region and especially of the retroperitoneal space, we came across a very rare case of bilateral double TAs in an 82-year-old male cadaver. The cadaver, which had been provided to the educational and research anatomical course at our Department of Anatomy, was formalin-fixed and his death was unrelated to causes derived from the urogenital system. In particular, after resection of the anterior abdominal wall, we removed carefully the abdominal organs as well the retroperitoneum. So far, having obtained a clear vision of the retroperitoneal space we observed the bilateral presence of double TAs. On the right side apart from the main TA arising from its normal origin site from the antero-lateral aspect of the abdominal aorta, we noticed an accessory TA arising from the right renal artery 0.7 cm after its origin from the aorta. That upper right TA was directed obliquely downwards accompanied after a short distance by the lower right TA and the right TV, as its satellite arteries. On the left side, the main TA was originated from its typical origin site from the abdominal aorta; whereas an accessory upper left TA was noticed arising from the abdominal aorta just proximal to the origin site of the left renal artery. The latter artery was curved arcuately around the upper margin of the left renal vein, crossing its anterior surface after the draining site of the left TV. Afterwards, the upper right TA was directed obliquely downwards accompanying along with the lower left TA the ipsilateral TV, distal to the level of the iliac crest (Fig. 1) . There was no finding from the cadaver's medical history to suggest any previous pathologic conditions concerning the urogenital and abdominal vascular system. In addition, no evidence of surgical procedures undertaken in the region and no other associated vascular abnormalities were detected. During the anatomical dissection which was undertaken by means of the classical method of dissection, we carefully exposed and cleaned the great vessels of the retroperitoneal space along with their tributaries. The morphology as well as the topography of the recorded variants were documented by photographs and line drawings. The measurements were made with the assistance of a Vernier electronic digital caliper (Mitutoyo Co, Japan) with an accuracy of 0.1 mm.
DISCUSSION
The TAs are long and slender arteries arising from the anterolateral aspect of the abdominal aorta, below the renal arteries but above the origin of the inferior mesenteric artery. They are directed under the parietal peritoneum over the psoas muscle. The right TA first crossing the inferior vena cava lies posterior to the horizontal part of the duodenum, right colic and ileocolic arteries, root of the mesentery and terminal ileum, whereas the left TA is lying posterior to the inferior mesenteric vein, left colic artery and descending colon. TA is crossing the ureter, supplying its middle portion and running along the pelvic brim above the external iliac artery, enters the deep inguinal ring and passes in the spermatic cord to the testis [26, 48] .
The aberrancies of TAs are not uncommon and are described in the literature. Asala et al. [5] observed TA variants in 4.7% of their specimens and only on the right side, whereas Pai et al. [32] found variation of the TAs regarding their source of origin, level of the origin and number of the arteries, in 14.7% of cases. Felix [13] found TA's variation incidence being 16/180 (0.09%) in a material of human fetuses. Moreover Mamatha et al. [24] found TAs variations in 20%, with the rest cases being normal in their origin, course and number. However, TA's variants regarding their number as well as their course are considered less frequent than the variations of the TVs [5] . TA's variations are more frequent in male fetuses and on the right side [11] .
TA may arise from the renal artery, or its branches or the accessory renal artery in 15% of cases [7] . Lippert and Pabst [22] found such an abnormal origin in 17% of cases. In particular, they noticed the right TA originated from the ipsilateral renal artery (6%), the left TA from the left renal artery (4%), 2 right TAs from the right renal artery (1%), 2 TAs on both sides from the renal arteries (1%), 1 TA stems from both the aorta and a renal artery (< 1%), 2 TAs on one side 1 from renal artery and 1 from aorta (< 1%) and 2 left TAs from the left renal artery (< 1%). Adachi [2] detected an incidence of 16.33% for the TAs originated from the renal artery, with the same incidence being 10% [10] , 16.1% [35] , 3% [3] , 14.6% [29] , 5.5% [11] , 14% [40] and 10% [47] .
There are studies referring to TA's origin from an accessory renal artery [12, 38, 41, 42] . It is noteworthy that Mamatha et al. [24] noticed that in 20% of their specimens the variable TAs were associated with accessory renal arteries. In specific, most of these aberrant TAs were originated solely from accessory renal arteries and not main renal arteries. Shoja et al. [40] observed that aberrant TAs tend to originate from kidneys that possess an accessory renal artery. The aberrant TAs mostly are branching from the accessory renal arteries. In our case the right superior TA was originated from the right renal artery crossing the anterior surface of the ipsilateral renal pelvis. The awareness of such an aberrant TA's origin and course may complicate surgical procedures undertaken at the region of renal pedicle, such as angioplasties and aorta's aneurysm surgical treatment or lead to obstruction of the pelviureteral junction due to anterior or posterior TA's course with respect to the renal pelvis [45] . The abnormal TA's origin from the renal artery may lead to infraction of the testis resulting from transcatheter embolisation of a malignant renal tumour [43] .
TA may originate in some instances from other sources than the abdominal aorta and the renal and accessory renal arteries, such as middle suprarenal, lumbar, common iliac, internal iliac, celiac trunk, superior mesenteric, inferior phrenic, inferior epigastric artery [1, 22, 25, 27, 47] . TA could be originated or forming a common trunk, or providing as branch the inferior suprarenal artery [14, 18, 33, 34] . The ratio of common origin for the TA and the suprarenal artery has been estimated approximately 1:26 [2] . Very rarely, TA may arise from the thoracic aorta [24] or from an anomalous middle mesenteric artery [28] . Furthermore, rarely, TA may provide branches, such as the inferior phrenic and the superior suprarenal arteries [30] . Lippert and Pabst [22] stated that TA's origin from other vessels is detected in less than 1% of population.
The presence of double TA has been noted in some instances in the literature (Table 1) . Bergman et al. [7] noted that in such cases the inferior TA is usually of aortic origin, whereas the TA arising superiorly can be from either the renal artery or the aorta, an observation that is in accordance with our finding as well as the findings documented in the Table 1 . The same authors claimed that the two TAs have an aortic and a renal origin or both may have the same origin. In addition, we detected a case of double TAs, where one artery originated from an accessory renal artery and the other artery arose from the inferior suprarenal artery, without noticing an aorta's TA origin [14] . Most authors don't mention the precise distribution of double TAs. However, Harrison and McGregor [17] mentioned that one TA which was quite straight distributed to the testis, whereas the other one TA which was undulated slightly in its course distributed to the epididymis. As it is shown in Table 1 , the incidence of unilateral double TAs is varied between 1.4% and 20%. From the study of Table 1 one may conclude that double TAs are originated mainly from the abdominal aorta and are mostly arisen on the left side.
TAs may be missing or arise from common stem, and one or both may be doubled, tripled or quadrupled throughout or in a particular part of their course [7] . Lippert and Pabst [22] reported double TAs on each side arising from the abdominal aorta in 2% and arising from the renal artery in 1%. Harrison and McGregor [17] reported to a case of bilateral double TAs, with the TAs on both sides arising from a common trunk of aortic origin. Rusu [37] described a case of bilateral double TAs, where on the right side the superior TA originated from the superior renal artery and inferior TA from the abdominal aorta, whereas on the left side the 2 TAs arose from a common trunk from the abdominal aorta. The uniqueness of our case is based on the following criteria: (a) It constitutes a case of true bilateral double TAs, since they are double throughout their course without emerging from a common arterial trunk. (b) The left TA displays a high origin from the abdominal aorta and specifically from the upper point of junction between aorta and left renal artery. Surprisingly, although there was a high origin of the superior left TA from the abdominal aorta, the left renal vein was situated unusually above the level of the left renal artery, leading to an arched course of TA around the renal vein. (c) The double TAs accompanied closely the TVs, as comitans arteries of the homonymous vein. We consider that TA pulsation compress the TV on both sides, likely predisposing to varicocele development.
The right TA normally courses anterior to the inferior vena cava as in our study. Occasionally, thus in 6% [29] , or 10% [47] or 20% [22] the right TA is located posterior to the inferior vena cava. Notkovich [29] referred to the fact that when TA arises from the abdominal aorta above the level of the renal vein, then the right TA always passes posterior to the inferior vena cava.
As regards the level of TA's origin it is usually situated little inferior to the renal arteries [48] . Adachi [2] observed that TA originated mostly (13/31) at the level of body of the second lumbar vertebra with a following incidence of 9/31 concerning the level of the third lumbar vertebra. Cauldwell and Anson [10] found the TA's mean vertebral level of origin at the intervertebral disc between second and third lumbar vertebra (74%) on the right side and at the lower third of second lumbar vertebra (80%) on the left side. Wadhwa and Sandeep [47] noted that the level of TA's origin was at the body of second lumbar vertebra (76%) on the right side and at the lower third of third lumbar vertebra (72%) on the left side. As high origin of TA is considered the artery's origin above the main renal artery or above the second lumbar vertebra. Shoja et al. [40] detected such a high origin in 5-20% of cases. Similarly, high origin of TA above the level of the renal vein was detected in 6% [29] and 3.3% [47] . There are not so many studies with respect to TA's high origin from the abdominal aorta [9, 21, 30, 31, 34, 39, 49] . In our case, the left superior TA displayed a high origin from the abdominal aorta just from the upper point of the junction between the aorta and the left renal artery. Many case studies have been published in the literature regarding the arching course of the TA over the renal pedicle [1, 20, 25, 37, 41] . Notkovich [29] observed TA arising from the abdominal aorta below the level of renal vein and then arching over it making a loop in the front of the vein in 20.7% on the left side and in 7.6% on the right side. That type of TA's course was found on the left side in 23.2% [35] , 1.7% [47] or 20.7% [15] and on the right side in 23.75% [15] . In our specimen, the left TA was of high origin from the abdominal aorta and arched around the left renal vein since the latter one was unusually located higher than the left renal artery. The clinical value of such a finding is based on the fact that compression of the left renal vein prior to the left TV termination may be a factor in the aetiology of a varicocele, orthostatic proteinuria and orthostatic hypertension [15] . In our specimen due to the fact that the additional TA arched around the left renal vein distal to the draining site of the ipsilateral TV, such a course could potentially lead to proteinuria and/or hypertension, but not to varicocele.
As regards the embryological development of the gonads, the latter ones are supplied from mesonephric arteries originated from the lateral aspect of aorta. In particular, nine pairs of lateral mesonephric arteries exist, constituting a cranial group from the first and second mesonephric artery arising above the celiac trunk, a middle group from the third to fifth artery providing rise to the renal arteries, and a caudal group from the sixth to ninth mesonephric arteries usually giving rise to testicular arteries [4, 13] . When more than one artery of the middle group persist, then the accessory renal arteries are presented. The persistence of a cranial lateral mesonephric artery results in a high origin of a TA [13] as it occurs in our case where the left superior TA is of high origin from the point of junction between the abdominal aorta and the right renal artery. The persistence of one more lateral mesonephric artery on both sides explains the existence of bilateral double TAs of our case. During the ascent of the kidneys and descend of the testis, the latter one derives its arterial supply during the anterior crossing of the kidney from upper or suprarenal pedicles that are normally atrophied and from lower or subrenal pedicles that are normally dominate [36] . We consider that in our specimen the superior right TA originated from the renal artery constitutes a persistent lateral mesonephric artery of the cranial group, transferred and fused with a pre-existent mesonephric artery of the middle group, thus the renal artery. It is known that an artery may be persistent although normally obliterated as well as fused abnormally with another artery [4] . The high origin of the superior left TA is due to persistence of a suprarenal mesonephric artery as already has been aforementioned. As for the arched course of the superior left TA around the ipsilateral renal vein displayed in our case report, it has been supported that if the kidney ascends much higher, thus carrying its renal vein to a higher level than the TA's origin, the latter will be forced to follow an arched direction around that vein [29] .
CONClUSIONS
Conclusively, our case displays a unique complex of TAs variants concerning their number and source of origin. In particular, on the left side the superior TA's high origin that is likely related to haemodynamic disorders of the ipsilateral testis is associated with an unusual high location of the left renal vein leading to an arched TA's course around the vein. Such an arched TA that compresses the left renal vein could lead potentially to renal vascular hypertension, whereas the satellite two TAs accompanying the left TV could be presumably etiologic factors for varicocele's development. Moreover, on the right side apart from the double TAs accompanied the right TV, the superior TA's aberrant origin from the ipsilateral renal artery could be induced implications during embolisation of the renal artery undertaken for renal tumours' treatment. Ultimately, the awareness of such a complex combination of TAs variations should be remarkably useful for the surgeon during exploration of the area of renal pedicle, for the radiologist during performing angioplasties and interpretation of the angiographies and for the physician in general when he/she is involved in the treatment of varicocele.
